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Summary Background Primary cutaneous follicle centre cell lymphomas (PCFCCL) are the most common
type of primary cutaneous B-cell lymphomas. Patients with this disorder develop one or a few
clinically indolent tumour nodules, plaques, or papules confined to a circumscribed area. Only
limited data have so far been published on the use of immunoglobulin heavy chain variable region
(VH) families by these tumours.
Objectives Because the definition of the repertoire of VH genes could have significant biological and
diagnostic implications, we evaluated a group of patients with PCFCCL for VH family use.
Methods DNA obtained from 15 cases of PCFCCL was amplified by polymerase chain reaction
(PCR) using a panel of VH family-specific amplimers.
Results The pattern of VH family usage was similar to that reported in both normal peripheral
blood B cells and the most common low grade non-Hodgkin's lymphomas, where VH region
utilization is essentially random with frequent usage of the VH3 family.
Conclusions These findings support the hypothesis that PCFCCL may derive from the mature
peripheral lymphoid compartment. Our results may also have implications for the routine analysis
of B-lymphoid clonality in PCFCCL.
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It is now well established that the diversity for antigen
recognition by B cells is generated by rearrangements
of the separate immunoglobulin gene segments.1 The
immunoglobulin heavy chain (IgH) gene in the germ-
line state consists of variable (VH), joining (JH) and
diversity (DH) gene segments interspersed over hun-
dreds of kilobase on chromosome 14.2 In the course of
normal lymphoid development, the IgH locus under-
goes specific somatic recombination that brings a VH
gene adjacent to a DH and a JH segment.3,4 Each
individual has about 100±200 germline VH genes,
which have been classified into seven gene families on
the basis of at least 80% nucleotide sequence homology.
Individual families range in size from one (VH6) to
greater than 30 (VH3).3,4 VH family utilization in the
mature peripheral lymphoid compartments appears to
be essentially random and roughly correlates with
estimates of family size.5,6 Studies on IgH gene
rearrangement have shown that human B-cell malig-
nancies may express a biased VH repertoire compared
with peripheral blood B lymphocytes.7±10
Primary cutaneous follicle centre cell lymphomas
(PCFCCL) are cutaneous B-cell lymphomas with an
indolent clinical behaviour.11,12 PCFCCL demonstrate a
neoplastic proliferation of follicle centre cells, showing
a clinical picture characterized by papules, plaques
and/or tumours confined to a circumscribed area with
a predilection for the head, neck and trunk. Only
limited data have been published so far on the use of
VH families by these tumours.13 Because the definition
of the repertoire of VH genes in PCFCCL could have
significant biological and diagnostic implications, we
evaluated 20 cases for VH family use.
Materials and methods
Fifteen PCFCCL samples were included in the study. All
cases had previously been characterized by careful
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clinical, morphological and immunophenotypic analy-
sis. DNA was obtained from frozen tissue samples
according to standard procedures by digestion with
Proteinase K and extraction with phenol/chloroform. All
samples were analysed to determine DNA concentration
by ultraviolet spectrophotometry. DNA from each case
was subjected to a set of seven polymerase chain
reactions (PCRs), each of which used the common JH
amplimer ACCTGAGGAGACGGTGACC for the 3 0 end of
the JH region and one of the following VH family
amplimers:14 VH1, CCTCAGTGAAGGTCTCCTGCAAGG;
VH2, TCCTGCGCTGGTGAAAGCCACACCA; VH3,
GGTCCCTGAGACTCTCCTGTGCA; VH4a, TCGGAGACC-
CTGTCCCTCACCTGCA; VH4b, CGCTGTCTCTGGTTACT-
CCATCAG; VH5, GAAAAAGCCCGGGGAGTCTCTGAA;
VH6, CCTGTGCCATCTCCGGGGACAGTG.
These amplimers are specific to the first framework
region (FR1) of most described members of the
individual VH families. Although a VH7-specific
amplimer was not employed in this study, it should be
noted that the VH1-specific amplimer will also effi-
ciently prime VH7-specific rearrangements.15 The PCR
mixture consisted of 1 U Taq polymerase (Promega,
Madison, WI, U.S.A.), a 10  reaction buffer as
supplied by the manufacturer, 0´1 mmol L21 each of
deoxyadenosine triphosphate, deoxycitidine triphos-
phate, deoxyguanosine triphosphate and deoxythymi-
dine triphosphate, 100 ng of each primer, and varying
amounts (200 ng to 1 mg) of template DNA in a final
volume of 30 mL. The samples were denatured for
5 min at 95 8C and then exposed to 30 cycles of
amplification using conditions adapted for each ampli-
mer set as previously described.9 PCR was performed
using a programmable heat block, the Perkin-Elmer
Thermocycler (Perkin-Elmer Cetus, Norwalk, CT,
U.S.A.). Ten microlitres of the final PCR products were
electrophoresed on 2% agarose gel, stained with
ethidium bromide, visualized under short wavelength
ultraviolet light, and photographed. Strict precautions
against cross-contamination were taken. Amplifica-
tions without genomic DNA were performed alongside
each set of PCRs to control for possible contamination
and all results were confirmed on at least two separate
occasions. In order to confirm the specificity of the
product 2 mL of the PCR product were reamplified
using the VH family amplimer and an internal common
JH amplimer AGGGT(C/G/T)CCTTGGCCCCAG.
Results
The usage of VH families was determined in 10 of 15
cases of PCFCCL (Table 1). Although none of the PCR
products were sequenced, we are confident they
correspond to VH genes as they were of appropriate
size and could be further amplified using a universal
JH-specific internal primer. The validity of this
approach in determining the VH family specificity of
clonal rearrangements has been confirmed by nucleo-
tide sequence analysis in other studies.13±15 Most of the
lymphomas expressed heavy chain genes from the VH3
family, whereas several cases showed rearrangements
involving the VH4 and VH1 families. In one case PCR
products were obtained with two of the VH family-
specific primers. It is possible that in this case
amplification from both a productive and non-produc-
tive allele was being detected. As the PCR products
were not sequenced, we could not determine the VH
family utilized by the productive allele and, therefore, in
this case assignment of VH family usage was not
possible.
Discussion
The overall pattern of VH family usage by PCFCCL
appeared similar to that of adult peripheral blood B
lymphocytes.6 Thus, compared with this control B-cell
population, VH family usage in PCFCCL is not biased.
The majority of PCFCCL expressed VH genes from the
largest family, VH3, followed by the VH4 and VH1.
Therefore, finding that the largest VH family, VH3 with
at least 30 members, was used most often is certainly
suggestive of random use. No PCFCCL expressing heavy
chain genes from the VH2, VH5, and VH7 families
were detected, probably because of the small size of
these families relative to the number of cases analysed.
The VH1 family was expressed in two cases by PCFCCL.
The VH1 family contains about 20 individual germline
members, and relative to its complexity is clearly
underutilized in PCFCCL. However, the low or absent
utilization of the VH1 family has also been observed in
Table 1. VH family repertoire of primary cutaneous follicle centre
cell lymphomas
VH
family
VH usage
(10 cases)
Family
complexity (%)
VH1 2 33
VH2 0 7
VH3 6 37
VH4 2 18
VH5 0 4
VH6 0 1
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adult peripheral blood B lymphocytes and other B-cell
malignancies.5±10 Taken together, our results show
that the VH repertoire of PCFCCL is similar to that
associated with the most common low grade non-
Hodgkin's lymphomas, where VH region utilization is
essentially random, while a biased repertoire is
observed in tumours or transformed cells representing
early steps of B lymphopoiesis.5±10 As the use of VH
genes reflects the stage of cell maturation in the B-cell
line, our results indicate that PCFCCL may derive from
the mature peripheral lymphoid compartment. This
means that immature B cells are not involved in
PCFCCL, a hypothesis in agreement with the data of the
other study, which has analysed VH gene expression
in PCFCCL.13 In this previous analysis, four cases of
PCFCCL were evaluated: three of these cases expressed
VH genes from the VH3 family and one from the VH5
family. In addition to the assignment of VH families, the
VH product was cloned and sequenced. The analysis of
sequences showed the presence of somatic mutations
of rearranged VH genes, which is a characteristic of
germinal centres developing in follicles at a time of
intense B-cell proliferation during T-cell-dependent
antibody responses. Thus, the investigators hypothe-
sized that PCFCCL may be derived from germinal centre
cells or their descendants.
The results of our study may also have implications
for the diagnostic detection of clonal IgH VDJ region
gene rearrangements by PCR. In a previous investiga-
tion, we have shown that it is possible to demonstrate
the clonality of PCFCCL by PCR using a single pair of
universal primers, which match conserved areas at the
3 0 end of the third framework region (FR3) of most VH
gene segments and at the 3 0 end of all JH regions.16
Using this approach, we were able to demonstrate
clonal IgH VDJ rearrangements in only 50% of the
cases investigated. These results were indicative of a
high false negative rate, most likely determined by the
use of a single universal VH amplimer. In the present
study, we have demonstrated clonal IgH VDJ gene
rearrangements in 11 of 15 cases of PCFCCL (about
80%) using the above-mentioned panel of VH family-
specific amplimers. However, the use of the VH family
primers for the routine analysis of B-lymphoid clonality
is technically cumbersome, as it involves seven different
PCRs on each test sample. As the application of a PCR-
based method needs to be both technically simple and
have a low false negative rate, our results on the usage
of VH family by PCFCCL suggest initial screening of
these neoplasms with the VH3 family-specific FR1
primer and the universal VH FR3 primer. As already
mentioned, rearranged IgH genes in PCFCCL are
known to sustain a high level of somatic mutations.
This may in part explain the failure to prime with the
universal VH FR3 primer utilized in our previous
investigation16 and similarly may cause a failure to
prime with the VH family-specific FR1 primers. There-
fore, the use of both VH FR3 and VH FR1 primers in
PCFCCL known to accumulate somatic mutations
should significantly reduce the false negative rate in
screening these neoplasms.
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